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A search for squarks and gluinos in final states containing jets, missing transverse momentum and no electrons or muons is 
presented. The data were recorded by the ATLAS experiment in Vi = 7 TeV proton-proton collisions at the Large Hadron Collider. 
No excess above the Standard Model background expectation was observed in 35 pb"' of analysed data. Gluino masses below 
500 GeV are excluded at the 95% confidence level in simplified models containing only squarks of the first two generations, a gluino 
octet and a massless neutralino. The exclusion increases to 870 GeV for equal mass squarks and gluinos. In MSUGRA/CMSSM 
models with tan/3 = 3, Aq = and // > 0, squarks and gluinos of equal mass are excluded below 775 GeV. These are the most 
stringent limits to date. 
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1. Introduction 

Many extensions of the Standard Model (SM) include heavy 
coloured particles, some of which could be accessible at the 
LHC. The squarks and gluinos of supersymmetric theories HI 
are one example of such particles. This letter presents the first 
ATLAS search for squarks and gluinos in final states contain- 
ing only jets and large missing transverse momentum. Interest 
in this final state is motivated by the large number of -parity 
conserving models in which squarks and gluinos can be pro- 
duced in pairs {gg, qq, qg] and can generate that final state in 
their decays q qx\ and g — > qqx\ to weakly interacting 
neutralinos, x\, which escape the detector unseen. The analy- 
sis presented here is based on a study of purely hadronic final 
states; events with reconstructed electrons and muons are ve- 
toed to avoid overlap with a related ATLAS search fT] which 
requires a lepton. The search strategy was optimised for max- 
imum exclusion in the (mg, m^)-plane for a set of simplified 
models in which all other supersymmetric particles (except for 
the lightest neutralino) were given masses beyond the reach of 
the LHC. Though interpreted in terms of supersymmetric mod- 
els, the main results of this analysis (the data and expected 
background event counts in the signal regions) are relevant for 
excluding any model of new physics that predicts jets in associ- 
ation with missing transverse momentum. Currently, the most 
stringent limits on squark and gluino masses are obtained at the 
LHC E] and at the Tevatron ID . 

2. The ATLAS Detector and Data Samples 

The ATLAS detector |5| is a multipurpose particle physics 
apparatus with a forward-backward symmetric cylindrical ge- 
ometry and nearly An coverage in solid angle The layout 

' ATLAS uses a right-handed coordinate system with its origin at the nomi- 
nal interaction point in the centre of the detector and the z-axis along the beam 
pipe. Cylindrical coordinates (r, (p) are used in the transverse plane, (p being the 
azimuthal angle around the beam pipe. The pseudorapidity is defined in terms 
of the polar angle 6 by = - In tan(9/2). 



of the detector is dominated by four superconducting mag- 
net systems, which comprise a thin solenoid surrounding in- 
ner tracking detectors and three large toroids supporting a large 
muon tracker The calorimeters are of particular importance 
to this analysis. In the pseudorapidity region < 3.2, high- 
granularity liquid-argon (LAr) electromagnetic (EM) sampling 
calorimeters are used. An iron-scintillator tile calorimeter pro- 
vides hadronic coverage over \t]\ < \.l . The end-cap and for- 
ward regions, spanning L5 < |?7| < 4.9, are instrumented with 
LAr calorimetry for both EM and hadronic measurements. 

The data sample used in this analysis was taken in 2010 with 
the LHC operating at a centre-of-mass energy of 7 TeV. Appli- 
cation of beam, detector and data-quality requirements resulted 
in a total integrated luminosity of 35 pb The detailed trigger 
specification varied throughout the data-taking period, partly as 
a consequence of the rapidly increasing LHC luminosity, but al- 
ways guarantees a trigger efficiency above 97% for events with 
a reconstructed jet with transverse momentum ipi) exceeding 
120 GeV and more than 100 GeV of missing pj. 

3. Object Reconstruction 

Jet candidates are reconstructed by using the anti-A;, jet clus- 
tering algorithm |6| with a distance parameter of 0.4. The in- 
puts to this algorithm are clusters of calorimeter cells seeded by 
those with energy significantly above the measured noise. Jet 
momenta are constructed by performing a four-vector sum over 
these cell clusters, treating each as an {E, p) four-vector with 
zero mass. These jets are corrected for the effects of calorime- 
ter non-compensation and inhomogeneities by using pj- and rj- 
dependent calibration factors based on Monte Carlo (MC) cor- 
rections validated with extensive test-beam and collision-data 
studies |7|. Only jet candidates with pj > 20 GeV and \ri\ < 4.9 
are retained hereafter 

Electron candidates are required to have pj > 10 GeV, to 
have I77I < 2.47, to pass the 'medium' electron shower shape and 
track selection criteria of Ref. |8|, and to be outside problem- 
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atic regions of the calorimeter. Muon candidates are required 
to have > 10 GeV and I77I < 2.4. The sum of the trans- 
verse momenta of charged particle tracks within a cone of ra- 
dius AR - -^/(At/)^ + (A(py - 0.2 around the muon trajectory is 
required to be less than 1.8 GeV. 

Following the steps above, overlaps between candidate jets 
with I77I < 2.5 and leptons are resolved using the method of 
Ref. H as follows. First, any such jet candidate lying within 
a distance AR < 0.2 of an electron is discarded. Then the 
whole event is rejected if any electron candidate remains in the 
calorimeter transition region 1.37 < I77I < 1 .52 between barrel 
and end-cap. Finally, any lepton candidate remaining within a 
distance AR = 0.4 of such a jet candidate is discarded. 

The measurement of the missing transverse momentum two- 
vector ^™^^ (and its magnitude E™^^) is then based on the trans- 
verse momenta of all remaining jet and lepton candidates and 
all calorimeter clusters not associated to such objects. Follow- 
ing this, all jet candidates with \ri\ > 2.5 are discarded. 

Thereafter, the remaining lepton and jet candidates are con- 
sidered "reconstructed", and the term "candidate" is dropped. 

4. Event Selection 

Following the object reconstruction described above, events 
are discarded if any electrons or muons remain, or if they have 
any jets failing quality selection criteria against detector noise 
and against non-collision backgrounds ifTOl . or if they lack a re- 
constructed primary vertex associated with five or more tracks. 

In order to achieve maximal reach over the {nig, OT^)-plane, 
several signal regions are defined. When production of squark 
pairs qq is dominant, only a small number of jets (one per 
squark from q — > qx'i) is expected. The optimal strategy for 
the qq region therefore makes requirements on two jets only. 
When production involves gluinos (gg and qg), extra jets are 
expected from g — > qqX^}. In these regions, requiring at least 
three jets yields better sensitivity. The higher total cross section 
in the associated qg region where both species are accessible 
permits the use of tighter criteria than in the gg region. Four 
signal regions A, B, C and D are thus defined (targeting light- 
qq, heavy-qq, gg and gq production, respectively) as shown in 
Table [1] In this table, A0(jet, P™'")min is the smallest of the az- 
imuthal separations between P™^^ and jets with pj > 40 GeV 
(up to a maximum of three, in descending order of pj, whether 
pre-selected or not). The variable mj2 fTT] is defined to be the 
maximal lower bound on the mass of a pair produced particle 
which decays into one of the pre-selected jets and a massless 
undetected particle, assuming the two undetected particles are 
the only source of the event The effective mass, men, is 

defined as the sum of £'™^'* and the magnitudes of the transverse 
momenta of the two highest pj jets (in signal region A) or three 
highest ;?T jets (in signal regions C and D). The qq channel has 
two signal regions, A and B, because the 111^2 distribution has 
the best expected reach in niq, but mefj- offers better coverage for 
lighter squarks. 

5. Backgrounds, Simulation and Normalisation 

Standard Model background processes contribute to the 
event counts in the signal regions. The dominant sources are 
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g Number of required jets >2 >2 >3 >3 

I Leading jet pt [GeV] > 120 > 120 > 120 > 120 

I Other jet(s) pt [GeV] > 40 > 40 > 40 > 40 

[GeV] > 100 > 100 > 100 > 100 



meff [GeV] 
ott2 [GeV] 



>0.4 >0.4 >0.4 >0.4 

>0.3 - >0.25 >0.25 

> 500 - > 500 > 1000 

- > 300 - 



Table 1 : Criteria for admission to each of tlie four overlapping signal regions A 
to D. All variables are defined in §4. 



ly-i-jets, Z-Hjets, top pair, QCD multi-jet (hereafter, the expres- 
sion "multi-jet" is dropped) and single top production. Non- 
collision backgrounds are negligible. The majority of the 
W+jets background is composed of W — > tv events, or W — » /v 
events in which no electron or muon candidate is reconstructed. 
The largest part of the Z+jets background comes from the ir- 
reducible component in which Z — > vv generates large £'™'^^ 
Hadronic t decays in tt —> bhrvqq can generate large E™'^^ and 
pass the jet and lepton requirements at a non-negligible rate. 
The QCD background in the signal regions is predominantly 
caused by poor reconstruction of jet energies in calorimeters 
leading to 'fake' missing transverse momentum. There is also 
a contribution from neutrinos when events contain leptonic de- 
cays of heavy quarks. Extensive validation of MC against data 
has been performed for each of these background sources and 
for a wide variety of control regions. The excellent agreement 
found motivates an approach in which both the shape and the 
normalisation of the W+jets, Z+jets and top backgrounds are 
taken from MC simulation. In contrast, the QCD background is 
normalised to data in control regions as described below. 

Production of W and Z bosons, in association with jets, was 
simulated with ALPGEN [12] v2. 13 at leading order (LO) and up 
to 2 ^ 5 partons using CTEQ6L1 PDFs IHI. Both were sepa- 
rately normalised to the next-to-next-to-leading-order inclusive 
W and Z cross sections from FEWZ |14| v2.0. Both resulting 
samples were found to be consistent with a variety of data- 
derived estimates, including methods based on: re-simulation 
of reconstructed leptons as hadronically decaying taus; removal 
of leptons from W(/v)+jet and Z(/0+jet events; and by com- 
paring MC predictions to data in control regions enriched with 
background events. 

Production of top quarks (both singly and in pairs, assum- 
ing mtop = 172.5 GeV) was simulated with MCONLO |15 | v3.41 
using CTEQ6.6 next-to-leading-order (NLO) PDFs [16|. This 
estimate was found to be consistent with a data-driven cross- 
check based on replacement of reconstructed muons in the cor- 
responding single lepton channels with simulated hadronic t 
decays. Agreement was also found after reweighting the ff MC 
according to experimentally measured ^j-tag weights. 

Simulated QCD events were generated both with PYTHIA 
IfTTl v6.4.21, which uses 2^2 LO matrix elements (ME) with 
the MRST2007 LO* PDF set (W\, and with ALPGEN implement- 
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Signal region A Signal region B Signal region C Signal region D 



QCD 


7 +«[u+j] 






0.6 t^[u+j] 






9 !^''[u+j] 




0.2 !»:4[u+j] 






W+jets 


50± ll[u] 


-loLi] ± 


5[-C] 


4.4 + 3.2[u] 




+ 0.5[X] 


35+ 9[u]!i0[j] 


±4[X] 


1.1 +0.7[u] 




+ 0.1[X] 


Z+jets 


52±21[u] 






4.1 +2.9[u] 


-lili] 


±o.5[i:] 


27+12[u] t'lU] 


±3[i:] 


0.8 + 0.7[u] 




+ o.i[i:] 


tt and t 


10 ± 0[u] 






0.9 + 0.1 [u] 




±0.1[X] 


17+ l[u]!^[j] 


±2[X] 


0.3 + 0.1 [u] 




+ 0.0[X] 



Total SM 118±25[u]!|[j]±12[X] 10.0 + 4.3[u] + i.o[i:] 88 ± 18[u] + 9[X] 2.5 + 1.0[u] + 0.2[X] 
Data 87 11 66 2 



Table 2: Expected and observed numbers of events in the four signal regions. Uncertainties shown are due to "MC statistics, statistics in control regions, other 
sources of uncorrelated systematic uncertainty, and also the jet energy resolution and lepton efficiencies" [u], the jet energy scale [j], and the luminosity [£.]. 
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Figure 1 : The distributions of m^g (separately for the > 2 and > 3 jet regions) and mT2 are shown for data and for the expected SM contributions after application 
of all selection criteria - cuts on the variables themselves are indicated by the red an'ows. Also shown is the E™^'' distribution after the >2 jet preselection cuts 
only. For comparison, each plot includes a curve showing the expectation for an MSUGRA/CMSSM reference point with mo = 200 GeV, mi/2 = 190 GeV, Aq = 0, 
tanjS = 3 and fi > 0. This reference point is also indicated by the star on Figure[3] Below each plot may be seen the ratio of the data to the SM expectation. Black 
vertical bars show the statistical uncertainty from the data, while the yellow band shows the size of the Standard Model MC uncertainty. 
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Figure 2: 95% C.L. exclusion limits in the (mg, m^) plane together with exist- 
ing limits |4|. Comparison with existing limits is illustrative only as some are 
derived in the context of MSUGRA/CMSSM or may not assume m-o = 0. 

ing the exact LO ME for up to 2 —> 5 partons. The normahsa- 
tion of these samples was fixed by a scaHng designed to achieve 
a match to data in control regions obtained by reversing the A(p 
requirements. After this scaling, both sets of simulations were 
in agreement within the experimental uncertainties, and there- 
fore only PYTHIA QCD simulations are used further in this anal- 
ysis. The resulting QCD simulation was found to be consistent 
with a data-driven QCD estimate in which high £'™^'* events 
were generated from data by smearing low Zi™"*^ events on a 
jet-by-jet basis with measured jet energy resolution functions. 
This latter technique has no MC dependencies; it provides a 
completely independent determination of the QCD background 
using only quantities measured from the data. Additional con- 
trol regions having reversed Zsl^'^Vw^eff requirements were used 
as further checks on the normalisation. 

Supersymmetric events were generated with HERWIG++ lfT9l 
v2.4.2. These samples were normalised using NLO cross sec- 
tions determined by PROSPIND [201 v2.1. 

All non-PYTHIA samples used HERWIG++ or HERWIG-6 . 510 
ll2Tll to simulate parton showering and fragmentation, while 
JIMMY |22| v4.31 was used to generate the underlying event. 
All samples were produced using an ATLAS 'tune' Il23l and a 
full detector simulation Il24l . 

6. Systematic Uncertainties 

The primary sources of systematic uncertainties in the back- 
ground estimates are: the jet energy scale (JES), the jet energy 
resolution (JER), the luminosity determination, the MC mod- 
elling, the lepton efficiencies, the extrapolation from control 
regions into signal regions, and the finite statistics of the MC 
samples and control regions. The uncertainty on the luminos- 
ity determination is estimated to be 11% |25|. The JES un- 
certainty has been measured from the complete 2010 data set 
using the techniques described in Ref. f7T| and, though px and rj 



Figure 3: 95% C.L. exclusion limits in the tanyS = 3, Aq = and /j > slice 
of MSUGRA/CMSSM, together with existing limits (3] ID with the different 
model assumptions given in the legend. 

dependent, is around 7%. The JER measured in data f26l was 
applied to all MC simulated jets and was propagated to 
The difference between the re-calibrated and nominal MC is 
taken as the systematic uncertainty due to this effect. The un- 
certainty on the estimated top background is dominated by the 
JES uncertainty. Systematic uncertainties associated with mis- 
identification of leptons, jet energy scale inter-calibration, the 
rate of leptonic ^-decays and the non-Gaussian tail of the jet re- 
sponse function have also been incorporated where appropriate. 

Systematic uncertainties on the SUSY signal were estimated 
by variation of the factorisation and renormalisation scales in 
PROSPINO between half and twice their default values and by 
considering the PDF uncertainties provided by CTEQ6. Un- 
certainties were calculated for individual production processes 
(e.g. qq, gg, etc.). 

7. Results, Interpretation and Limits 

The number of observed data events and the number of SM 
events expected to enter each of the signal regions are shown in 
Table |2] The background model is found to be in good agree- 
ment with the data, and the distributions of meft, »jt2 and ii™** 
are shown in Figure [T] 

An interpretation of the results is presented in Figure |2] as a 
95% confidence exclusion region in the (ot|, OT^)-plane for the 
simplified set of models with m^o = for which the analysis 
was optimised. In these models the gluino mass and the masses 
of the squarks of the first two generations are set to the values 
shown in the figure. All other supersymmetric particles, includ- 
ing the squarks of the third generation, are decoupled by being 
given masses of 5 TeV. ISASUSY from ISAJET 1221 v7.80 was 
used to calculate the decay tables, and to guarantee consistent 
electroweak symmetry breaking. The SUSY Les Houches Ac- 
cord files for the models used may be found online Il28l . The 
results are also interpreted in the tanyS = 3, Aq = 0, yu > slice 
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of MSUGRA/CMSSM ||29l inFigui-e|3] 

These figures also show the variation of the expected hmit 
in response to ±lcr fluctuations of the SM expectation includ- 
ing the stated systematic uncertainties. The exclusion regions 
are constructed using a profile likelihood ratio method. Pseudo- 
experiments are used to compute one-sided upper limits on the 
signal contribution, which is assumed to be non-negative. At 
each point in the (m^, m^) and CMSSM planes, the chosen test 
statistic is the likelihood ratio corresponding to the number of 
observed events in the signal region whose expected sensitivity 
was largest. Plots showing where each signal region is domi- 
nant may be found in 1 30] . All signal regions contribute to the 
exclusion and to its boundary in the {nig, m^)-plane. Region D is 
dominant near the CMSSM boundary. In the simplified model, 
changing theX^ mass from to 100 GeV reduces the number of 
selected events by only < 20% near the exclusion curve so only 
slightly modifies the excluded region in the (nig, m^)-plane. In 
the CMSSM, varying Aq to 300 GeV, tan /3 to 30 or /j to -ju leads 
to significant (~ 5%) changes, among the strongly interacting 
particles, only in the stop and sbottom masses. Accordingly, the 
exclusion limits are not strongly sensitive to these parameters. 

8. Summary 

This letter reports a search for new physics in final states 
containing high-pj jets, missing transverse momentum and no 
electrons or muons. Good agreement is seen between the num- 
bers of events observed in the four signal regions and the num- 
bers of events expected from SM sources. Signal regions A, B, 
C and D exclude non-SM cross sections within acceptance of 
1.3, 0.35, 1.1 and 0.11 pb respectively at 95% confidence. 

The results are interpreted in both a simplified model con- 
taining only squarks of the first two generations, a gluino octet 
and a massless neutralino, as well as in MSUGRA/CMSSM 
models with tan^S - 3, Aq = and yu > 0. In the simplified 
model, gluino masses below 500 GeV are excluded at the 95% 
confidence level with the limit increasing to 870 GeV for equal 
mass squarks and gluinos. In the MSUGRA/CMSSM models 
equal mass squarks and gluinos below 775 GeV are excluded. 
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M. Aharrouche^i, S.P. Ahlen^i, F. Ahles''^ A. Ahmadl''^ 
M. Ahsan^o, G. AMli^^^'''^^^'" , T. Akdogan"*% 
T.P.A. Akesson™, G. Akimoto'^^ A.V. Akimov 
M.S. Alam', M.A. Alam^^ S. Albrand^^, M. Aleksa^^ 

I. N. Aleksandrov*'^ M. Aleppo*^^^- F. Alessandria'*''^ 

C. Alexa25% G. Alexander'5^ G. Alexandre'*'', 

T. Alexopoulos^ M. Alhroob^", M. Alievl^ G. A]imonti^''% 

J. Alison'^", M. Aliyev'o, RR Allport^^ 

S.E. Allwood-Spiers53, J. Almond'*^ A. Aloisio'O^a.ioib^ 

R. Alon'^i, A. Alonso™, M.G. Alviggi'O^a.ioab^ Amako^^, 

P. Amaral^'', C. Amelung^^, V.V. Ammosov'^^, 

A. Amorim'^'*^''', G. Amoros'^^, N. Amram'^-', 

C. Anastopoulos'^^, T. Andeen^'*, C.F. Anders^*', 
K.J. Anderson^", A. Andreazza**''^-'^'"', V. Andrei^'^^ 
M-L. Andrieux^^, X.S. Anduaga™, A. Angerami"''*, 

F. Anghinolfi^^, N. Anjos'^'*^, A. Annovi'*^, A. Antonaki^, 
M. Antonelli^^ S. Antonelli J. Antos'^'*'', F. AnuUi'^^a^ 
S. Aoun^^ L. Aperio Bella'*, R. Apolle"^ G. Arabidze**^ 

I. Aracena*'*^ Y. Arai^^ A.T.H. Arce'*'*, J.P. Archambault^^ 
S. Arfaoui^^'^ J-F. Arguini^, E. Arik*^^'*, M. Arik*^\ 
A.J. Armbruster^^, O. Arnaez^', C. Arnault"^, 
A. Artamonov''^ G. Artoni'32a,i32b^ p Arutinov^o, S. Asai*^^ 
R. Asfandiyarov"^ S. Ask^^, B. Asman*'*^'' *^*, L. Asquith^, 
K. Assamagan^'*, A. Astbury'*^, A. Astvatsatourov^^, 

G. Atoian'^^ B. Aubert'*, B. Auerbach*^^ E. Auge'*^ 

K. Augsten'^', M. Aurousseau*, N. Austin^^, R. Avramidou', 

D. Axenl^^ C. Ay^^, G. Azuelos''^''', Y. Azuma'^^, 
M.A. Baak29, G. Baccagliom^^\ C. Bacci*^'*^'*^'"', 
A.M. Bachi"*, H. Bachacoul'^ K. Bachas^^, G. Bachy^', 
M. Backes'*'', M. Backhaus^", E. Badescu^^^ 

R Bagnaia^^'^-'^^b^ § Bahimpati^, Y. Bai^^a^ y).C. Baileyl^^ 
T. Bainl5^ J.T. Bainesi29, O.K. Baker"^ M.D. Baker^^, 
S. Baker^^, F. Baltasar Dos Santos Pedrosa^^, E. Banas^^, 
P. Banerjee^^ Sw. Banerjee'^^ D. Banfi^'', A. Bangert'", 
V. Bansal*®, H.S. Bansil", L. Barak"', S.R Baranov^"*, 
A. Barashkou*^, A. Barbaro Galtieri''*, T. Barber^^, 

E. L. Barberio^^ D. Barberis^o^'-^ob, m. Barbero^o, 

D.Y. Bardin^^ T. Barillari^^ M. Barisonzi""*, T. Barklow"^ 
N. Barlow^'', B.M. Barnett'^'*, R.M. Barnett"*, 
A. Baroncelli*3'*% A.J. Barr*'^ F. Barreiro^", J. Barreiro 
Guimaraes da Costa", P. Barrillon"^ R. Bartoldus*'*^ 
A.E. Barton^i, D. Bartsch^", R.L. Bates5^ L. Batkova"''*% 
J.R. Batley^^ A. BattagUa'^ M. Battistin^'', G. Battistom^^\ 

F. Bauer'^^, H.S. Bawa*'*^ ^ B. Beare*^^, T. Beau■'^ 
RH. Beauchemin"^ R. Beccherle5''% R Bechtle'**, 

H. R Beck'^ M. Beckingham4^ K.H. Becks*^"*, 

A.J. Beddalll»^ A. Beddalll8^ V.A. Bednyakov^^ C. Bee^^^ 

M. BegeP, S. Behar Harpaz*52, RK. Behera''^ 

M. Beimforde''^ C. Belanger-Champagne*'^^ RJ. Bell^^ 



W.H. Bell"'', G. Bella'53^ L. Bellagamba'''% E Bellina^^ 
G. Bellomo^'"''^'*, M. Bellomo"''% A. Belloni", 

0. Beloborodova"", K. Belotskiy^*", O. Beltramello^', 
S. Ben Ami'52^ q Benary'^^, D. Benchekroun'^^a^ 

C. Benchouk^^ M. Bendel^\ B.H. Benedict*''^ N. Benekos'^^, 
Y. Benhammou'^-', D.R Benjamin'*'*, M. Benoit*'^, 

J.R. Bensinger^^, K. Benslama'^", S. Bentvelsen"'^, 

D. Berge^', E. Bergeaas Kuutmann'**, N. Berger*, 

F. Berghaus"'^, E. Berglund'*^, J. Beringer''*, K. Bemardet^^, 
R Bernat^^ R. Bernhard'*^ C. Bernius^"*, T. Berry^*, 

A. Bertini''=' '''\ F Bertinelli2^ R Bertolucci*22a,i22b^ 

M.I. Besana**''^'**''\ N. Besson*3^ S. Bethke^'', W. Bhimji^s, 

R.M. Bianchi^'', M. Bianco^2a,72b^ q Biebel^^ S.R Bieniek^\ 

J. Biesiadal^ M. Biglietti'^2a,i32b^ jj Bilokon'*\ 

M. Bindii''"'i''\ S. Binet"5, A. Bingul"^^ C. Bini*32a,i32b^ 

C. Biscarat*^^ U. Bitenc'*^ K.M. Black^*, R.E. Blair^ 

J.-B. Blanchard*'^ G. Blanchot^'', C. Blocker^^, J. Blocki^^ 

A. Blondel'*'', W. Blum'**, U. Blumenschein^'*, G.J. Bobbink*05, 
V.B. Bobrovnikov'O^ A. Bocci'*^ C.R. Boddy*l^ 

M. Boehler"*', J. Boek'^'*, N. Boelaert^^ S. Boser^'', 
J.A. Bogaerts^^, A. Bogdanchikov"", A. Bogouch^"'*, 
C. Bohm"*''^ V. Boisvert^^ T. Bold"'^'^, V. Boldea^^^ 
M. Bona''^ V.G. Bondarenko'"', M. Boonekamp'^*', 

G. Boorman^'', C.N. Booth*^'', R Booth'^^ S. Bordoni^^ 
C. Borer**", A. Borisov*^^, G. Borissov^*, I. Borjanovic*^", 

S. Borroni*^2a,i32b^ Bos"'^ D. Boscherini*''% M. Bosman**, 

H. Boterenbrood*°^ D. Botterill*^^, J. Bouchami'^ 

J. Boudreau*^^, E.V. Bouhova-Thacker^', C. Boulahouache*^^, 

C. Bourdarios"^, N. Bousson**^, A. Boveia^", J. Boyd^^, 

1. R. Boyko''^, N.I. Bozhko*^^, I. Bozovic-Jelisavcic*^*', 

J. Bracinik*^ A. Braem^^ E. Brambilla^2a,72b^ p Branchini*3'*% 
G.W. Brandenburg^^, A. Brandt^, G. Brandt*^ O. Brandt^'*, 
U. Bratzler*56, B. Brau^'*, J.E. Brau**'*, H.M. Braun*^\ 

B. Brelier*^^, J. Bremer^^, R. Brenner*^^, S. Bressler*^^, 

D. Breton**^ N.D. Brett"^ RG. B right-Thomas 
D. Britton5^ F.M. Brochu^^ I. Brock^", R. Brock^^ 

T.J. Brodbeck'^*, E. Brodet*5^ F. Broggi^'*% C. Bromberg^^ 

G. Brooijmans^'*, W.K. Brooks^*'', G. Brown^^ E. Brubaker^", 

RA. Bruckman de Renstrom^^, D. Bruncko*'*'*'', 

R. BruneUere'*^ S. Brunet^*, A. Bruni*^% G. Brum*^% 

M. Bruschi*5% T. Buanes*^ F Bucci'*^ J. Buchanan* '^ 

N.J. Buchanan^, R Buchholz*'**, R.M. Buckingham* *^ 

A.G. Buckley'*^ S.I. Buda^^^ I.A. Budagov^^ B. Budick*''^ 

V. Biischer^*, L. Bugge**^ D. Buira-Clark'*^ E.J. Buis*''5, 

O. Bulekov''^, M. Bunse'*^, T. Buran'*\ H. Burckhart^^, 

S. Burdin", T. Burgess'\ S. Burke'''', E. Busato3^ 

R Bussey^^ C.R Buszellol*'^ F Butin^'', B. Butler*'*^ 

J.M. Butler^*, CM. Buttar^^ J.M. Butterworth", 

W. Buttinger^^ T. Byatt", S. Cabrera Urban 

M. Caccia'*''''''*''\ D. Caforio*''^-**, O. Cakir3% R Calafiura"*, 

G. Calderini^^ R Calfayall^^ R. Calkins*"*^, L.R Caloba^^^ 

R. Caloi'32^'*^^'', D. Calvet3^ S. Calvet3^ R. Camacho Toro^^, 

A. Camard^^ R Camarri*33^'*33b, m. Cambiaghi*'''^'**''\ 

D. Cameron**^, J. Cammin^", S. Campana^'', M. CampanelU", 

V. Canale*''2^'*°2i', R Canelli^", A. Canepa*5''% J. Cantero^", 

L. Capasso*°2'''*''2'', M.D.M. Capeans Garrido^'', I. Caprini^^^ 

M. Caprini^s^ D. Capriotti^^ M. Capua^'^''-^*, R. Caputo*'*^ 
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C. Caramarcu25% R. Cardarellii33% T. Carli^'', G. Carlino'°2% 

L. Carminati^'^'^^'', B. Caron^^^a, s. Caron''^ C. Ca^pentieri'^^ 
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J. Carvalhoi24a'«, D. Casadeilo^ M.P. Casado", 
M. Cascellai22a.i22b^ C_ Cjj^oSOa.sob,.^ 

A.M. Castaneda Hemandez'^^, E. Castaneda-Miranda'^^, 
V. Castillo Gimenezi*'\ N.F. Castro'^^^ G. Cataldi^^a^ 

F. Cataneo^^, A. Catinaccio^^, J.R. Catmore^^ A. Cattai^', 

G. Cattanii33=''i33\ S. Caughron^^ D. Cauzi*"*^'"'4c^ 
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X. Chen''2^ § Cheng^^a^ ^ Cheplakov*'^ V.F Chepurnov^^ 
R. Cherkaoui El Moursli'^^'', V. Chernyatin^^, E. Cheu*', 
S.L. Cheung'5^ L. Chevalier'^'', F Chevallier'^*', 
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A. Chilingarov^', G. Chiodini'^a^ y Chizhov^^ 

G. Choudalakis^^", S. Chouridou'^^\ LA. Christidi", 

A. Christov'*^ D. Chromek-Burckhart^^, M.L. Chu'^', 

J. Chudobai25, G. Ciapettii32a,i32b^ ^ Ciba^^ A.K. Ciftci3% 

R. Ciftci3^ D. Cinca^^ V. Cindro'^^ M.D. Ciobotaru'", 

C. Ciocca^''^''*, A. Ciocio^"*, M. Cirilli'^^ M. Ciubancan^^^ 

A. Clark'*^ RJ. Clarke's, W. Cleland'^s^ j q Clemens^^ 

B. Clement^^ C. Clement''*^^'''**''', R.W. Clifft'^e^ y. Coadou'*^ 
M. Cobal'^'^''•l'^^ A. Coccaro5°^'5°\ J. Cochran*^, R Coe"^ 
J.G. Cogan'''^, J. Coggeshall^'^^ E. Cogneras'", 

CD. Cojocam^**, J. Colas^, A.R Colijn'^^, C. Collard^^ 
N.J. CoUins", C. Comns-Tooth5^ J. CoUot^^ G. Colon^^^ 
R. Coluccia^^^'''^'', G. Comune^^ R Conde Muinoi^^a, 

E. Coniavitis"^ M.C. Conidi", M. Consonni^"'*, 
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M.J. Costa'*"', D. Costanzo'^"*, T. Costin^°, D. Cote^'^, 
R. Coura Toms^^\ L. Coumeyea''^^ G. Cowan"^, 

C. Cowden^'', B.E. Cox^^, K. Cranmer'''^ M. Cristinziani^", 

G. Crosetti^^^'^*''', R. Cmpi'^^.^zb^ § Crepe-Renaudin5^ 
C. Cuenca Almenar''^, T. Cuhadar Donszelmaim'^', 

S. Cuneo^o^'^ob, M. Curatolo'''', C.J. Curtis", R Cwetanski", 

H. Czirr'^i, Z. Czyczula"', S. D'Auria^^^ M. D'Onofrio^^^ 
A. D'Orazio"2^ '32b^ ^ Y)a Rocha Gesualdi Mello^^a, 
RV.M. Da Silva23^ C. Da Via^^ W. Dabrowski^^ 

A. DahlhofF*^ T. Dai**\ C. Dallapiccola^^^ § j DaUison'^'-*, 
M. Dam^^ M. Dameri^O'''^*, D.S. Damiani'^', 
H.O. Danielsson^^, R. Dankers'^^ D. Daimheim'^, V. Dao''^ 
G. Darbo5°^ G.L. Darlea^^b, C. Daum'"^ J.R Dauvergne 
W. Davey^^ T. Davidek'^^, N. Davidson^^ R. Davidson^', 
M. Davies'^, A.R. Davison^^, E. Dawe'"*^, I. Dawson'^^, 
J.W. Dawson^ *, R.K. Daya^'', K. De\ R. de Asmundis'''^^ 
S. De Castro'^'' '^'', RE. De Castro Faria Salgado^^^ 



S. De Cecco'^ J. de Graat''^ N. De Grooti°\ R de Jong'o^ 

C. De La Taillel'^ H. De la Torre^", B. De Lotto'^^ '^^ 
L. De Mora^\ L. De Nooij'"^, M. De Oliveira Branco^', 

D. De Pedis'^2% R de Saintignon^^, A. De Salvo'^^", 
U. De Sanctis'^'^'^i^''^ A. De Santo''*', 

J.B. De Vivie De Regie"^ S. Dean", D.V. Dedovich^^ 
J. Degenhardt'2", M. Dehchar"^ M. Deile'^^ 

C. Del Papa'^^•'^''^ J. Del Peso**", T. Del Prete'22a,i22b^ 

A. Dell' Acqua^', L. Dell' Asta'^''^''^'\ M. Delia Pietra'^^a,/!^ 

D. della Volpei°2a.i02b^ Delmastro^^ R Delpierre'^^ 

N. Delraelle^', RA. Delsart^^ C. Deluca''*^ S. Demers''^ 
M. Demichev*^ B. Demirkoz", J. Deng'^^ S.P Denisov'^^, 
D. Derendarz^^, J.E. Derkaoui'^^"^, F. Derue'^, P. Dervan'^, 
K. Desch^o, E. Devetak"^^ RO. Deviveiros'^^ A. Dewhurst'^', 

B. DeWildel'*^ S. Dhaliwall5^ R. Dhullipudi^^J, 

A. Di Ciaccio'^^^ '^^'', L. Di Ciaccio"*, A. Di Girolamo^^ 

B. Di Girolamo^', S. Di Luise^^*-''^^'^'" , A. Di Mattia^^ 

B. Di Miccoi3'*^'i34b^ R. Di Nardoi33a,i33b^ 

A. Di Simonei^^'''i33\ R. Di Sipiol''='•l9^ M.A. Diaz3i% 
F Diblen'**^ E.B. Diehl", H. Dietl'''', J. Dietrich'*^ 
T.A. Dietzsch'***", S. Diglio"^ K. Dindar Yagci^^ 
J. Dingfelder^o, C. Dionisi'^^^-'^^b^ p Q^^^isa^ s. Dita^^a, 

F. Dittus^^ F Djama'^\ R. Djilkibaev"'^ T. Djobava^', 
M.A.B. do Vale23% A. Do Valle Wemans'^^^ T.K.O. Doan^, 
M. Dobbs**^ R. Dobinson 2** *, D. Dobos'*^^ £ Dobson^'', 
M. Dobson'*^^ J. Dodd^^, O.B. Dogan'**" *, C. Doglioni"^ 
T. Doherty5^ Y. Doi*"^-*, J. Dolejsi'^^, I. Dolenc''^, 

Z. Dolezal'26^ Dolgoshein'^-*, T. Dohmae'^^ 
M. Donadelli^^'', M. Donega'^", J. Donini^^ J. Dopke'''*, 
A. Doria'°2a^ A. Dos Anjos''^ M. Dosil", A. Dotti' 22^.1 22b ^ 
M.T. Dova™, J.D. Dowell", A.D. Doxiadis'^^ A.T. Doyle5^ 
Z. Drasal'2^, J. Drees''"*, N. Dressnandt'^", H. Drevermaim^', 

C. Driouichi35, M. Dris^ J.G. Drohan", J. Dubbert^', 
T. Dubbs'37, S. Dube'"', E. Duchovni"\ G. Duckeck'^ 

A. Dudarev^'', F Dudziak'''*, M. Diihrssen ^9, l.p. Duerdoth^^, 
L. Duflot''^ M-A. Dufour^^ M. Dunford^^ 

H. Duran Yildiz^'', R. Duxfield"^ M. Dwuznik", R Dydak ^9, 

D. Dzahini^^ M. Diiren^^^ l Ebenstein'*'', J. Ebke'^ 

S. Eckert'*^ S. Eckweiler^', K. Edmonds^', C.A. Edwards"', 

I. Efthymiopoulos'^^ W. Ehrenfeld^^i , T. Ehrich'^, T. Eifert2^ 

G. Eigen'^, K. Einsweiler'"*, E. Eisenhandler'^, T. Ekelof'*^, 
M. El Kacinii\ M. EUert'*^ S. Elles"*, R EUinghaus*^', 

K. Ellis", N. Ellis2^ J. Elmsheuser'^ M. Elsing^^ R. Elyi\ 

D. Emeliyanov'^', R. Engelmann'^^, A. Engl'*^, B. Epp^^, 

A. Eppig^^, J. Erdmaiin^'*, A. Ereditato'*", D. Eriksson'''^'', 

J. Emst\ M. Emst^, J. Emweini^^, D. Errede'^^, S. Errede'^^, 

E. Ertel^\ M. Escalier''^ C. Escobar"'', X. Espinal CuruU", 

B. Esposito"*', F. Etienne^^ A.I. Etienvre'^'', E. Etzion'5^ 
D. Evangelakou^"*, H. Evans^\ L. Fabbrii^'^i'b q Fabre^', 
K. Facius^^, R.M. Fakhmtdinov'^^ S. Falciano'^^^ 

A.C. Falou"^ Y. Fang"^, M. Fanti'*'''''^'\ A. Farbin', 

A. Farilla'^'''', J. Farley''*^ T. Farooque'^^ S.M. Farrington"^ 
P. Farthouat^', D. Fasching"^, P. Fassnacht^', D. FassouUotis^, 

B. Fatholahzadehl5^ A. Favareto^''^'^'\ L. Fayard'*^ 

S. Fazio^^^'3^'', R. Febbraro^^^ R Federici'^% O.L. Fedin'^i, 

I. Fedorko^'', W. Fedorko'*^ M. Fehling-Kaschek^^ 

L. Feligioni^^ D. Fellmann^ C.U. Felzmann^^, C. Feng^^'', 
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E.J. Feng30, A.B. Fenyuk'^**, J. Ferenceii'*^''^ J. Ferland''^ 

B. Femandesi24a.fe, w. Fernando"'^ S. Ferrag^^ J. Ferrando"^ 
V. Ferrara^i, A. Ferrari'^*, P. Ferrari'°^ R. Ferrari"'\ 

A. Ferrer'*'^ M.L. Ferrer"*^, D. Ferrere'*^ C. Ferretti**^, 

A. Ferretto Parodi^^^-^^'', M. Fiascaris^", F Fiedler^\ 

A. Filipcic^4^ A Filippas'', F Filthaut"'^ M. Fincke-Keeler^®, 

M.C.N. Fiolhaisi24a,j^ ^ Fiorinii', A. Firan^'', G. Fischer'*^, 

P. Fischer ^o, M.J. Fisherl''^ S.M. Fisher'^^, J. Flammer^^, 

M. Flechl^s, I. Fleck'^i, J. Fleckner^\ P Fleischmanni^\ 

S. Fleischmann^^'*, T. Flicki^"*, L.R. Flores Castillo'^^^ 

M.J. Flowerdew^', F. Fohlisch^'^^ M. Fokitis^ 

T. Fonseca Martin^'', D.A. Forbush'-'**, A. Formica'^^, 

A. Forti^^, D. Fortin'^'*'', J.M. Foster**^, D. Fournier^'^, 

A. Foussat^^, A.J. Fowler"^, K. Fowler'^^, H. Fox^', 

P Francavilla'22a.i22b^ 5 Franchino"''^'"'"', D. Francis^*^, 

T. Frank"', M. Franklin^^ S. Franz^'', M. Fraternali"^^-"^'', 

S. Fratina'^", S.T. French^^, R. FroeschP^, D. Froidevaux-^^, 

J. A. Frost^^, C. Fukunaga'^^, E. Fullana Torregrosa^^, 

J. Fuster'*'^ C. Gabaldon^'', O. Gabizon'^', T. Gadfort^^, 

S. Gadomski^^, G. Gagliardi5°^'50\ P Gagnon^^', C. Galea'^ 

E.J. Gallas"^ M.V. Gallas^'', V. Gallo'^ B.J. Gallop'^^, 

P Gallus'^^ E. Galyaev"", K.K. Gan'"^ Y.S. Gao"^^■^ 

V.A. Gapienko'^^, A. Gaponenko''*, F. Garberson'^^, 

M. Garcia-Sciveres'^, C. Garcia'^^, J.E. Garcia Navarro"^^, 

R.W. Gardner^", N. Garelli^'', H. Garitaonandia"'^ 

V. Garonne^'', J. Garvey'^ C. Gatti^^ G. Gaudioii''% 

0. Gaumer49, B. Gaur'^i, L. Gauthieri^e, I.L. Gavrilenko''^, 

C. Gayi^^ G. Gaycken^o, J-C. Gayde^^, E.N. Gazis', P Ge^^d^ 

C. N.P Geei29, D.A.A. Geerts'^^ Ch. Geich-GimbeP, 
K. Gellerstedt''**'''i46\ C. Gemme5°% A. Gemmell5^ 

M.H. Genest'^ S. Gentilei32''.i32b^ § George■'^ P Gerlach^''^, 

A. Gershon'5\ C. Geweniger'**', H. Ghazlane'^^'', P Ghez'', 
N. Ghodballe3^ B. Giacobbei^% S. Giagu'^^ajsab^ 

V. Giakoumopoulou^ V. Giangiobbei^^^ ^^^b, p. GianottP, 

B. Gibbard24, A. Gibson'^s, S.M. Gibson^^, 

G. F. Gieraltowski^ L.M. Gilbert"^ M. Gilchriese''', 
V. Gilewsky^i, D. Gillberg^^, A.R. Gillmani^s, 

D. M. Gingrich^ '', J. Ginzburg'^^ N. Giokaris^ 

R. Giordano"'^'^''02b^ Giorgii^, R Giovallnim^^ 

RE Giraud"^, D. Giugni**^% P Giustii9\ B.K. Gjelsteni", 
L.K. Gladilin''^ C. Glasman'^o, J. Glatzer^^ A. Glazov^i, 
K.W. GUtza"'', G.L. Glonti*^ J. Godfrey'^z, J. Godlewski^^, 
M. Goebel''', T. Gopfert^^, C. Goeringer**', C. GossUng''^ 
T. Gottfert'^ S. Goldfarb", D. Goldin^^ T. Golling'^^ 
S.N. Golovnia'28, A. Gomes'^'*''''', L.S. Gomez Fajardo'^\ 
R. Gongalo^^, J. Goncalves Pinto Firmino Da Costa''^, 
L. Gonella^o, A. Gonidec^'', S. Gonzalez"^, s. Gonzalez dela 
Hoz'^^, M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla''', 
J.J. Goodson^"*^, L. Goossens^^, P.A. Gorbounov^^, 

H. A. Gordon24, 1. Gorelov"'^ G. Gorfinei^\ B. Gorini^^, 

E. Gorini^2a,72b^ ^ Gorisek^\ E. Gornicki^s, 

S.A. Gorokhov^^^ V.N. Goryachev'^^, B. Gosdzik^'i, 
M. Gosselink'°^ M.I. Gostkin^^ M. Gouanere"*, 

1. Gough Eschrich'^^ M. Gouighri'^^% D. Goujdami'^^'', 
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E. Oliver Garcia'*'^ D. Olivito'^", A. Olszewski^^ 

J. Olszowska^^ C. Omachi^^, A. Onofre'24=».«, ru.E. Onyisi^^, 

C. J. Orami^^a^ q Ordonez"^, M.J. Oreglia^", F. Orellana'^', 
Y. Oreni53, D. Orestano'^'^^ '^'^b^ j Orlov"", 

C. OropezaBarrera^^ R.S. Orr'5^ E.G. Ortega'^^, 

B. Osculati^"^'^*, R. Ospanov'^", C. Osuna", 

G. Otero y Garzon^*", J.R Ottersbach'°^ M. Ouchrif'^Sc^ 

F. Ould-Saada'", A. Ouraou'^^ Q. Ouyaiig3^\ M. Owen^^ 
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S. Oweni39, A. Oyarzun3l^ O.K. Oye'^, V.E. Ozcm^^\ 
N. Ozturk^, A. Pacheco Pages^', C. Padilla Aranda'\ 

E. Paganis'^', F. Paige^^, K. Pajchel"'', S. Palestini^', 

D. Pallin^^ A. Palma'^^^-*, J.D. Palmer'^ Y.B. Pan'^^ 

E. Panagiotopoulou^, B. Panes^^", N. Panikashvili^^, 

S. Panitkin24, D. Pantea25% M. Panuskova^^^, V. Paolone'^^ 

A. Paolonii33a,i33b^ ^ Papadelis Th.D. Papadopoulou^ 

A. Paramonov^ W. Park^'' ^ M.A. Parker^^, R Parodi^''^'^'"', 

J. A. Parsons^"*, U. Parzefall^^, E. Pasqualucci'^^^, 

A. Passeri'^^a^ Pastove^^^''-^^*'", Fr. Pastore^^ G. Pasztor 

S. Pataraia^^^^ N. Patel'^°, J.R. Pater^^^ S. Patricellii*'2a.i02b^ 

T. Pauly^"*, M. Pecsyi'*^^ M.I. Pedraza Morales '^^ 

S.V. Peleganchuk"", H. Peng'^^^ r Pengo^^ A. Penson^'*, 

J. Penwell*\ M. Perantoni^^'', K. Perez^"* *, 

T. Perez Cavalcanti"*\ E. Perez Codina", M.T. Perez 

Garcia-Estan'^'\ V. Perez Reale^^^ j Peric^", L. Perini'*''^''^'"', 

H. Pernegger^'', R. Perrino^^^, P. Perrodo"*, S. Persembe^^, 

V.D. Peshekhonov*'^ O. Peters'"^ B.A. Petersen^'', 

J. Petersen^'', T.C. Petersen^^ E. Petit**\ A. Petridis'^"*, 

C. Petridoui54, E. Petrolo'^^a^ p Petrucci'^^a.o* 

D. Petschull'*', M. Petteni^^z, R. Pezoa^"', A. Phan'^*', 

A. W. Phillips^\ RW. Phillips'^'', G. Piacquadio^^ 

E. Piccaro", M. Piccininii^"''''\ A. Pickford5^ S.M. Piec'^', 
R. Piegaia^*", J.E. Pilcher^", A.D. Pilkington'^^^ j pinai24a,i'^ 
M. Pinamonti A. Pinderll^ J.L. Pinfold^, J. Ping^^c^ 

B. Pintoi24a,''^ o. Pirotte^^ C. Pizio**''^''^''\ R. Placakyte'^', 
M. Plamondon^®, W.G. Plano^^ M.-A. Pleier^^, 

A. V. Pleskach^^s, A. Poblaguev^'*, S. Poddar5^^ R Podlyski^^, 
L. Poggioli"^ T. Poghosyan^o, M. Pohl'*'', F Polci^^ 

G. Polesello"'^\ A. Policicchio'3^ A. Polinii^% J. Polf^ 

V. Polychronakos^'*, D.M. Pomarede^^*, D. Pomeroy^^, 

K. Pommes^^ L. Pontecorvol^2^ B.G. Pope***^, 

G.A. Popeneciu^^'', D.S. Popovic'^'', A. Poppleton^', 

X. Portell Bueso''^ R. Porterl^^ C. Posch^i, G.E. Pospelov'^, 

S. Pospisili27, 1.N. Potrap'''', C.J. Potter'49, C.T. Potter^^ 

G. Poulard^^ J. Poveda'^^ R. Prabhu^^ P Pralavorio'*^ 

S. Prasad^'', R. Pravahan'', S. Prell^, K. Pretzl^^ L. PribyP^ 

D. Price*"', L.E. Price^ M.J. Price2^ RM. Prichard■^^ 

D. Prieur'23, M. Primavera^^a^ Prokofiev'°^ 

F. Prokoshin^'*', S. Protopopescu^*, J. Proudfoot^, 

X. Prudent"*^, H. Przysiezniak^, S. Psoroulas^", E. Ptacek""*, 
J. Purdham^^ M. Purohit^^-", R Puzo"^ Y. Pylypchenko''^, 
J. Qian'^^ Z. Qian^\ Z. Qin^', A. Quadt^^, D.R. Quarrie'"*, 
W.B. Quayle'^^ F Quinonez^^'", M. Raas'""*, V. Radescu^^'', 

B. Radics^o, T. Rador'^% R Ragusa'*''''''^^\ G. Rahal'^^ 

A. M. Raliimii'®, C. Rahm^'*, S. Rajagopalan^^, S. Rajek^^, 
M. Rammensee''^ M. Rammes'"*', M. Ramstedt''*''^''''^'', 
K. Randrianarivony^^ P.N. RatofT^', F. Rauscher''^ 

E. Rauter^^, T.C. Rave''^ M. Raymond^^ A.L. Read'", 

D. M. Rebuzzi"'''''"'"', A. Redelbachl^^ G. Redlinger^'', 
R. Reece'20, K. Reeves^o, A. Reichold'''^ 

E. Reinherz-Aronis'^^, A. Reinsch''"', I. Reisinger"*^, 
D. Reljic'2% C. Rembser^'', Z.L. Ren'^', A. Renaud''^ 

P. Renkel^'^, B. Rensch^^ M. Rescigno'^^^ S. Resconi^^'', 

B. Resende'^^, P. Reznicek^^, R. Rezvani'^^, A. Richards'''^, 
R. Richter''^ E. Richter-Was^^ ', M. Ride^^ S. Rieke*^', 
M. Rijpstra'°5, M. Rijssenbeek'^^, A. Rimoldi"''^'"'"', 



L. Rinaldi''^% R.R. Rios^^ I. Riu", G. Rivoltella^^^-^''', 

F. Rizatdinova"^, E. Rizvi''^ S.H. Robertson^^ ', 
A. Robichaud-Veronneau^^, D. Robinson^^, 
J.E.M. Robinson", M. Robinson""*, A. Robson5^ 
J.G. Rocha de Lima'o^ C. Roda'22^.i22b 

D. Roda Dos Santos^'', S. Rodier^", D. Rodriguez'^^^ 

Y. Rodriguez Garcia'^ A. Roe^"*, S. Roe^**, O. R0hne"^, 
V. Rojo', S. RoUi'^i, A. Romaniouk^*, V.M. Romanov''^ 

G. Romeo^^, D. Romero Maltrana^'% L. Roos™, E. Ros"'\ 

S. Rosati'^^ M. Rose™, G.A. Rosenbaum'^^ E.I. Rosenberg^"*, 
PL. Rosendahl'^ L. Rosselet'*^ V. Rossetti", E. Rossi'''^'''"'^'', 
L.P Rossi5"% L. Rossi**^'''**'"', M. Rotaru^^^ I. Roth'^', 
J. Rothberg'3^ I. Rotdander^", D. Rousseau"^ C.R. Royon'^*", 

A. Rozanov**\ Y. Rozen'^^^ x. Ruan''^, I. Rubinskiy"*', 

B. Ruckert'"*, N. Ruckstuhl"'^ V.I. Rud''\ G. Rudolph^^, 

F. Riihr^, F. Ruggieri'^'*^ '^'"', A. Ruiz-Martinez'"*, 

E. RuHkowska-Zarebska^^, V. Rumiantsev^'"*, 

L. Rumyantsev^^, K. Runge"***, O. Runolfsson^'', Z. Rurikova"*^, 
N.A. Rusakovich''^ D.R. Rust*"', J.R Rutherfoord^ 

C. Ruwiedel'"*, R Ruzicka'2\ YR Ryabov'^i, 

V. Ryadovikov'^s, p Ryan**^ M. Rybar'2^ G. Rybkin"^ 
N.C. Ryder"^ S. Rzaeva'", A.R Saavedra'^", I. Sadeh'^\ 

H. F-W. Sadrozinski'", R. Sadykov*'^ R Safai Tehrani'32a,i32b^ 
H. Sakamoto'5^ G. Salamanna"'^ A. Salamon'^^'', 

M. Saleem"', D. Salihagic'''', A. Salnikov'43, j. Salt'", 

B. M. Salvachua Ferrando^ D. Salvatore^^^-^*''', F. Salvatore"'^, 
A. Salzburger^^ D. Sampsonidis'^'', B.H. Samset"\ 

H. Sandaker'3, H.G. Sander^', M.P Sanders'^ M. Sandhoff'^\ 
P Sandhu'5^ T. SandovaP^, R. Sandstroem"'^ S. Sandvoss''^'', 

D. PC. Sankey'2^ A. Sansoni^^, C. Santamarina Rios^^ 

C. Santoni33, R. Santonico'^^ajBSb^ ^ Santos'24^ 

J.G. Saraiva'24"''', T. Sarangi'^^^ £_ Sarkisyan-Grinbaum^, 

R Sarri'22^''22b, G. Sartisohn'^^, O. Sasaki*'^ T. Sasaki^^, 

N. Sasao^^ I. Satsounkevitch^", G. Sauvage", J.B. Sauvan"^ 

P Savard'^^''', V. Savinov'^^, D.O. Savu^'', R Savva ^ 

L. Sawyer24j, D.H. Saxon^^, L.P Says^^, C. Sba^ra''^''•'''^ 

A. Sbrizzi'^^-'^'', O. Scallon'3^ D.A. Scannicchio'^^ 

J. Schaarschmidt"^ P Schacht^'*, U. Schafer^', 

S. Schaetzel^^b, A.C. Schaffer"5, D. Schaile^^ 

R.D. Schamberger"*^ A.G. Schamov"'^ V. Scharf5»% 

V.A. Schegelsky'2', D. Scheirich**^, M.I. Scherzer'", 

C. Schiavi^O'^'^*, J. Schieck'^^ M. Schioppa^^^-^*, 

S. Schlenker^^ J.L. Schlereth^, E. SchImdt^^ 

M.P Schmidt'''^'*, K. Schmieden^o, C. Schmitt^', 

M. Schmitz^o, A. Schoning^^'', M. Schott^^, D. Schouten"'^, 

J. Schovancova'25, M. Schram^^, C. Schroeder^', 

N. Schroer^S'^, S. Schuh^^, G. Schuler^^, J. Schultes'^\ 

H.-C. Schultz-Coulon^s^ H. Schulz'^, J.W. Schumacher^o, 

M. Schumacher''^ B.A. Schumm"'^, Ph. Schune'^^, 

C. Schwanenberger**2, A. Schwartzman'"'^, Ph. Schwemling^^, 

R. Schwienhorst^^ R. Schwierz'*^ J. Schwindling'^^, 

W.G. Scott'29, J. Searcy'"*, E. Sedykh'^', E. Segura", 

S.C. Seidel'°^ A. Seiden'^^ R Seifert^^, J.M. Seixas^^^ 

G. Sekhniaidze'°2% D.M. Seliverstov'^', B. Sellden'^^^ 
G. Sellers^^^ M. Seman"*, N. Semprini-Cesari'^^''"', 
C. Serfon9^ L. Serin"^, R. Seuster'*^ H. Severini'", 
M.E. Sevior^^ A. Sfyrla^^ E. Shabalina^^, M. Shainim"^, 
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L.Y. Shan32% J.T. Shank^i, Q.T. Shao'^^ M. Shapiro'\ 
P.B. Shatalov^^ L. Shaver^ C. Shaw^^, K. Shaw'<'4^ i64c^ 
D. Sherman'^^ P. Sherwood^'', A. Shibata"'^ S. Shimizu^'', 
M. Shimqjima""', T. Shin5^ A. Shmeleva'''*, M.J. Shochet^o, 

D. Short"^ M.A. Shupe^ P. Sicho'^s, A. Sidotil^ 
A. Siebel'''^, R Siegert^^ J. Siegrist'^, Dj. Sijacki^^^ 

O. Silbert'^i, J. Silva'24a,/,^ y. Silverl5^ D. Silverstein'^^, 

S.B. Silversteini46a^ V. Simak^^^ O. Simardl3^ Lj. Simic'^a^ 

S. Simion^'^, B. Simmons^^, M. Simonyan^^, P. Sinervo'^^, 

N.B. Sinev'"*, V. Sipica''*', G. Siragusa*^', A.N. Sisakyan''^ 

S.Yu. Sivoklokov''^ J. Sj61in^'**'''i46b^ T.B. Sjursen'^, 

L.A. Skinnari'^, K. Skovpen"'\ P Skubic'", 

N. Skvorodnev22, M. Slater'^ T. Slavicek'^^ K. Sliwa^''', 

T.J. Sloan'^i, J. Sloper^^, V. Smakhtin'^i, S.Yu. Smimov''^ 

L.N. Smimova^^ O. Smirnova™, B.C. Smith", D. Smith''^^ 

K.M. Smith5^ M. Smizanska^', K. Smolek'^'', 

A.A. Snesarev'''^, S.W. Snow'^^^ j Snow'", J. Snuverink"'^ 

S. Snyder24, M. Soaresi24a, R. Sobie"''' ', J. Sodomka'^^ 

A. Sofrer'5^ C.A. Solans'", M. Solar'^^, j. Solc'^?, 

U. Soldevila'", E. Solfaroli Camillocci'^2a,i32b^ 

A.A. Solodkov'2**, O.V. Solovyanov'2^ J. Sondericker^'', 

N. Soni^ V. Sopko'2\ B. Sopko'^^ M. Sorbi'^^"'^'*\ 

M. Sosebee\ A. Soukharev"", S. Spagnolo^^a.vab^ p Spano^'', 

R. Spighii^% G. Spigo^'', R Spilai32^.i32b^ g Spiriti'^^a^ 

R. Spiwoks^'', M. Spousta'^*-, T. Spreitzer'^^ B. Spurlock^ 

R.D. St. Denis", T. Stahl'^i, J. Stahlman'^", R. Stamen^^^ 

E. Stanecka^^ R.W. Stanek^ C. Stanescu'3''% S. Stapnes'", 
E.A. Starchenko'28, J. Stark^^, p Staroba'^s, p. Starovoitov'\ 

A. Staude''^ P Stavina''"*% G. Stavropoulos"*, G. Steele", 
P Steinbach43, p Steinberg^'*, I. Stekl'^^, B. Stelzer'^z, 
H.J. Stelzer^i, O. Stelzer-Chilton'^^^, H. Stenzel^^ 

K. Stevenson''^ G.A. Stewart", J.A. Stillings^", 

T. Stockmanns^o, M.C. Stockton^^ K. Stoerig^^, G. Stoicea25% 

S. Stonjek^^ P Strachota^^s, A.R. Stradling\ A. Straessner''^ 

J. Strandberg^^ S. Strandbergi^^^^ '^eb^ ^ Strandlie'", 

M. Strang"'^ E. Strauss'''^ M. Strauss"', P Strizenec"'^'', 

R. Str6hmer"^ D.M. Strom"'', J.A. Strong^* *, 

R. Stroynowski^^ J. Strube'^'', B. Stugu'\ I. Stumer^"-*, 

J. Stupak'48, p Sturm'^''^ £, ^ Soh'^'-*, D. Su'^^, 

S. Subramania^ Y. Sugaya"f\ T. Sugimoto"", C. Suhr"'^ 

K. Suita*'^ M. Suk'26, V.V. Sulin'^^^ 3_ Sultansoy^'', 

T. Sumida29, X. Sun^^, J.E. Sundermann^^, K. SuruUz'64a,i64b^ 

S. Sushkov", G. Susinno36^'36b, M.R. Sutton"^, Y. Suzuki^^^ 

Yu.M. Sviridov'2^ S. Swedish'<'^ I. Sykora"'^% T. Sykora'^^, 

B. Szeless2^ J. Sanchez'", D. Ta'"\ K. Tackmalm2^ 
A. Taffardi*^, R. Tafirout'55% A. Taga"^ N. Taiblum'", 
Y. Takahashi'O', H. Takai^^, R. Takashima*''', H. Takeda", 
T. Takeshita'40, M. Talby^^ A. Talyshev"^^ M.C. Tamsett^'', 
J. Tallaka'5^ R. Tanaka"^ S. Tanaka'^', S. Tanaka^^ 

Y. Tanaka'"", K. Tani", N. Tannoury^^ G.P Tappern^'', 
S. Tapprogge^', D. Tardif'5^ S. Tarem'^^ F. Tarrade^^, 
G.R Tartarelli^'^ P Tas^^e, M. Tasevsky'^^, E. Tassi^^''-^*, 
M. Tatarkhanov'", C. Taylor''^ RE. Taylor'*^ G.N. Taylor^^, 
W. Taylor'^'*', M. TeixeiraDias Castanheira^^, 
P. Teixeira-Dias'^*, K.K. Temming''^ H. Ten Kate^', 
PK. Teng'^', YD. Tennenbaum-Katan'^^ S. Terada^"^, 
K. Terashi'", J. Terron^^, M. Terwort""-", M. Testa^^ 



R.J. Teuscher'^**-', CM. Tevlin'^^ J. Thadome'^'', 

J. Therhaag^", T. Theveneaux-Pelzer^^, M. Thioye"^, 

S. Thoma''^ J.P Thomas'^, E.N. Thompson^", 

PD. Thompson'^, P.D. Thompson'^^, A.S. Thompson", 

E. Thomson'20, M. Thomson^'', R.P Thun^'^, T. Tic'2^ 
V.O. Tikhomirov''^^ y.A. Tikhonov'"'', 

C. J.W.P Timmermans'"'', P Tipton'", 

F. J. Tique Aires Viegas^', S. Tisserant^^, J. Tobias"^, 
B. Toczek^^, T. Todorov"*, S. Todorova-Nova'^', 

B. Toggerson'<'^ J. Tojo*'*', S. Tokar''*''% K. Tokunaga", 
K. Tokushuku**"^, K. Tollefson'*^ M. Tomoto"", 

L. Tompkins'4, K. Toms"'^ A. Tonazzo'34a,i34b^ q Tong32% 

A. Tonoyan'^ C. Topfel"', N.D. Topilin''\ I. Torchiani^^, 
E. Torrence"", E. Torro Pastor'", J. Toth'*^ "', P. Touchard^^ 

D. R. Tovey'^^, D. Traynor", T. Trefzger'^-', J. Treis'^", 
L. Tremblet^'', A. Tricoh^'', I.M. Trigger'5'*% 

S. Trincaz-Duvoid^^ T.N. Trinh™, M.R Tripiana™, 

N. Triplett'"*, W. Trischuk'5^ A. Trivedi^''.^', B. Trocme", 

C. Troncon**''% M. Trottier-McDonald'''^ A. Trzupek3^ 
C. Tsarouchas^'', J.C-L. Tseng'"^, M. Tsiakiris'"^, 

PV. Tsiareshka'", D. Tsionou"*, G. Tsipolitis^, 
V. Tsiskaridze"***, E.G. Tskhadadze^', I.I. Tsukerman^^, 
V. Tsulaia'2\ J.-W. Tsung^", S. Tsuno''^ D. Tsybychev"'^ 
A. Tua'^'', J.M. Tuggle^o, M. Turala3^ D. Turecek'^^ 
I. Turk Cakir3^ E. Turlay'^^, PM. Tuts^'', A. Tykhonov^^^ 
M. Tylmad''**'^''46b, M. Tyndel'^?, D. Typaldos'^ 

H. Tyrvainen^^ G. Tzanakos^ K. Uchida^^, I. Ueda'", 

R. Ueno2^ M. Ugland'^ M. Uhlenbrock^o, M. Uhrmacher^^, 
R Ukegawa'*-", G. UnaP, D.G. Underwood^, A. Undrus^^, 

G. Unel"5^ Y. Unno''^ D. Urbaniec^'', E. Urkovsky'", 

P Urquijo""*, P Urrejola3'\ G. Usai'', M. Uslenghi"^^'""', 
L. Vacavant**^ V. Vacek'^^ B. Vachon*'^, S. Vahsen", 

C. Valderanis^^ J. Valenta'^^, P Valente'^^^, 

S. Valentinetti''^■"^ S. Valkar'^e, E. Valladolid Gallego'", 
S. Vallecorsa'^2, J.A. Vails Rerrer'", H. van der Graaf'°^, 

E. van der Kraaij"^^, R. Van Der Leeuw'*^^, E. van der Poel"^^, 

D. van der Ster^^ B. Van Eijk'^^ N. van Eldik^'', 

P. van Gemmeren^, Z. van Kesteren'''^, I. van Vulpen'"^, 
W. VandeUi^^, G. Vandoni^^, A. Vaniachine^ P Vankov^', 

F. Vannucci^^, F. Varela Rodriguez^'', R. Vari'^^'', 

E. W. Vames^, D. Varouchas'"', A. Vartapetian^, 
K.E. VarveU'^o, V.I. Vassilakopoulos^^ F. VazeiUe", 

G. Vegni^^^'^^b^ J J veillet"5, C. VeUidis^ F VeIosoi2''% 

R. Veness^^, S. Veneziano'^^'', A. Ventura^^''-^^'', D. Ventura'^^, 

M. Venturi^s, N. Venturi'^ V. Vercesi"'^^ M. Verducci'^^ 

W. Verkerkel''^ J.C. Vermeulen'^^ A. Vest''^ 

M.C. Vetterh'42.'', I. Vichou'^^ T Vickey'^^'' ^ 

G.H.A. Viehhauser"^ S. VieI'*^ M. Villa'''^''^\ 

M. Villaplana Perez'", E. Vilucchi'''^, M.G. Vincter^^ 

E. Vinek^'', VB. Vinogradov''^ M. Virchaux'^*' *, S. Viret3^ 

J. Virzi'4, A. Vitale ''^''•'^\ O. Vitells'", M. Viti"', 

I. VivareIU''^ R Vives Vaque", S. Vlachos^ M. Vlasak'^^ 
N. Vlasov^", A. VogeP, P Vokac'^^ M. Volpi", 

G. VoIpim^'^^ H. von der Schmitt'^^ J. von Loeben''^ 

H. von Radziewski'*^ E. von Toeme^", V. Vorobel'^^, 
A.R Vorobiev'2^ V. Vorwerk", M. Vos'", R. Voss^^, 

T.T Voss'^\ J.H. Vossebeld''^, A.S. Vovenko'2^ N. Vranjes'2% 
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M. Vranjes Milosavljevic'^", V. Vrba'^^, M. Vreeswijk'^^, 
T. Vu Anh^\ R. Vuillermet2^ I. Vukotic"^ W. Wagner''^'', 
P. Wagner'^o, H. Wahlen^^^^ j Wakabayashii°\ 
J. Walbersloh'*^ S. Walch'^^ J. Walder^', R. Walker''^ 
W. Walkowiak''*', R. Walll^^ R Waller", C. Wang^^, 

H. Wangi^^ J. Wang'51, J. Wang^^d^ j Wangl^^ R. Wang"", 
S.M. Wangi^i, A. Warburton'^^ C.R Ward^^ M. Warsinsky'*^ 
RM. Watkins'^ A.T. Watson", M.F. Watson", G. Watts'^s, 

S. Watts'*^ A.T. Waugh'^o, B.M. Waugh^^ J. Weber^^, 
M. Weberi29, M.S. Weberl^ R Weber5^ A.R. Weidberg"^ 
R Weigell'^ J. Weingarten^'*, C. Weiser''^ H. Wellenstein^^, 
RS. Wells^'*, M. Wen^^ T. Wenaus^^, S. Wendlerl2^ 
Z. Wengi^i'«, T. Wengler^^ S. Wenig^^ N. Wermes^", 
M. Werner^s, R Werner^^, M. Werthl^^ M. Wessels5'*^ 
K. Whalen^s, S.J. Wheeler-Ellis S.R Whitaker^i, 

A. White^ M.J. White'^^ S. White^"*, S.R. Whitehead"^ 

D. Whiteson'*'\ D. Whittington" , R Wicek"^, D. Wicke"'', 
RJ. Wickens'^y, W. Wiedenmann"^ m. Wielers'^?, 
R Wienemann^", C. Wigles worth", L.A.M. Wiik'*^ 
RA. Wijeratne", A. Wildauer'^'^ M.A. Wildt"*'-", 

I. Wilhelm'^ft, H.G. Wilkens^^ J.Z. Will''^ E. Williams^^^ 
H.H. WilHams"", W. Willis^^ S. Willocq'^'*, J.A. Wilson", 
M.G. Wilson''*\ A. Wilson*^^, I. Wingerter-Seez'*, 

S. Winkelmann'*^ F. Winklmeier^'', M. Wittgenl'*^ 
M.W. Wolter3^ H. Wolters"^^'*, G. Woodenll^ 

B. K. Wosiek^^ J. Wotschack^^, M.J. Woudstra**^, 

K. Wraight^^, C. Wright^^, B. Wrona", S.L. Wu'", X. Wu^'', 

Y. Wu^^'', E. Wulf^"*, R. Wunstorf*^ B.M. Wynne'^^ 

L. Xaplanteris^ S. Xella^^, S. Xie''^ Y. Xie^^a^ ^ Xu^^b^ 

D. Xu"^ G. Xu32^ B. Yabsleyi^o, M. Yamada''^ 

A. Yamamoto^*, K. Yamamoto^"*, S. Yamamoto'^^, 

T. Yamamura'^^, J. Yamaoka^'', T. Yamazaki'^^, 

Y. Yamazaki*'^ Z. Yan^i, H. Yang^^ U.K. Yang^^^ Y Yang", 

Y Yang32a^ 2. Yangi^s^-'^eb^ S. Yanush^\ W-M. Yaoi'', 

Y Yaoi'^, Y Yasu^^ J. Ye^^ S. Ye^^, M. Yilmaz3^ 

R. Yoosoofmiya'2\ K. Yorita"°, R. Yoshida^ C. Young'^s, 

C. J. Young"^ S. Youssef^i, D. Yu^^, J. Yu'^, J. Yu'^cz^ 

L. Yuan32a,afl^ ^ Yurkewiczl''^ V.G. Zaets "^ R. Zaidall^^ 

A. M. Zaitsev"^ Z. Zajacova^^, Yo.K. Zalite "\ 
L. Zanello"2a,i32b^ p Zarzhitsky^^ A. Zaytsev^^^ 
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